8 strains of endophytic actinomycetes were successfully isolated from root nodules of Elaeagnus angustifolia by the methord of nodule-slicing respectively on three mediums S, FTW and DPM. And these strains were analyzed by 16S rDNA phylogenetic studies, the result showed that 5 of these strains belonged to Micromonospora, and the other 3 strains was Nonomuraea, Pseudonocardia and Planotetraspor, repectively.Inoculation of these isolated strains to the host plant, although no root nodules were obtained, the growth degree of the plant was obviously increased compared with the control.
-20 . The serial number used in the pres ℃ ent paper was ZW-1, ZW-2 and ZW-3.
Isolation of pure culture
1.2.1 Isolation medium S (Lechevalier, 1983 , PP. 2826 -2831 , FTW (Simonet, 1985, PP. 49-60) and DPM (Baker, 1984, PP. 23-28) mediums were applied in the present paper.
Separation
Proper amount of nodules were rinsed by tap water, its impurities and old nodules were removed. Its flaps were cut down, washed by sterile water three times, placed into75% (v/v) of ethanol for 5-6 min by forceps, transferred into0.1% mercuric chloride to disinfect for 2 min, and rinsed by sterile water three times. When the surface was disinfected, nodules were placed into aseptic mortar, and ground into homogenate-like solution. A certain amount of homogenate was coated on the surface of three mediums, viz. S, FTW and DPM, and then incubated at 28 ℃. Colony growth was observed once two days, and its initial time and characteristics were recorded.
Strain preservation and cell culture
The isolated pure culture was inoculated into S liquid medium, and shaking incubated at 28 ℃ for 5-7 days. When strains grew to the logarithmic phase, and tested by microscope to check its purity. Proper amount of pure culture was added to glycerintubes containing 30 to 50% glycerol, and preserved at -70 ℃. The other culture was centrifuged to collect cells, and the cells were preserved at -20 ℃ for further investigation.
Extraction of genomic DNA
Genomic DNA was extracted by the modification of Fred method (Baker, 1986, PP. 233-236) .
PCR amplification of 16S rDNA sequence

Using 16S rDNA sequences universal primers 27f (E.coli 8-27 bases: 5'-GAG TTT GAT CCT GGC TCA G-3') and 1525r (E.coli 1525-1545 bp: 5'-AGA AAG GAG GTG TAC CAGCC-3') as primers, 16S rDNA was undertaken PCR amplification, and PCR products were sequenced by Beijing Sinogene Biotech Co.Ltd.
Construction of phylogenetic tree
The obtained 16S rDNA sequences was undertaken homology comparison with the known sequences of Genbank database using BLAST method, and multiple sequence alignment by Clustal W1.4 (Thompson, 1994, PP. 4673-4680) . Phylogenetic trees were constructed using neighbor joining module of software MEGA4.1 (Tamura, 2007 , PP. 1596 -1599 in order to analysis phylogeny of strains.
Inoculation of pure culture
Angustifolia seed germination
Angustifolia seeds were washed with tap water to remove the surface impurities, and then soaked into the warm water of 40 ℃ for 24h. During the immersion process, tap water was replaced once. The surface should be sterilized before seeds germinated, the seeds were added to culture dishes with sterile filter paper, and proper amount of water was added. Seeds were cultured at 30 ℃ till germination. When the shoots grew up to 1-2 cm, inoculation was taken immediately.
Inoculation of pure culture
The pure cultures of the isolated 8 strains endophytes were inoculated into S liquid medium, cultured for 7 d, rinsed by sterilized water, centrifuged to collect cells and made into bacterial suspension after homogenization.
(2) Seedlings of sterile cultured Elaeagnus was immersed into bacterial suspension for 2 h, and then transferred into large test tubes with nitrogen-free Hoagland nutrient solution. They were incubated after well marked, and treatment without inoculation was applied as blank control. Plant growth was regularly observed.
Results and analysis
Isolation results of Elaeagnus nodules
8 strains of actinomycetes were successfully isolated from 3 Elaeagnus nodules samples. Among them, strains D30401, D30202, C20201 and C10404 were obtained from S, D10204, C10401 and D30407 from FTW, and D30511from DPM.
Phylogenetic trees construction of the isolated straom 16S rDNA
By comparing the isolated strains and standard strain 16S rDNA sequences of relative genus in GenBank database, 8 strains belonged to 4 genus, including 5 Micromonospora, 1 Pseudonocardia, 1 Planotetraspora, and 1 Nonomuraea. Phylogenetic trees of the constructed 16SrDNA sequences was depicted in Figure 1 . Phylogenetic results indicated that the greatest similarity of strains D30401, D30202 and D30511with 16S rDNA sequences of Micromonospora endolithica was 99.5%, 99.6% and 99.6%, respectively; the greatest similarity of strains C10401 and D30407 with 16S rDNA sequences of Micromonospora coxensis was both 99.6%; the greatest similarity of strains C20201 with 16S rDNA sequences of Pseudonocardia carboxydivorans was 100%; the greatest similarity of strains C10404 with 16S rDNA sequences of Planotetraspora mira was 99.8%; the greatest similarity of strains D10204 with 16S rDNA sequences of Nonomuraea helvata was 99.1%.
Inoculation results
Inoculation results indicated that 8 strains failed to nodule after they were inoculated back to host plants for 70 d, but plant mass growth was significantly higher than the control, which all showed a manner as follows: the whole plant grew vigorously, and the height of stem was significantly higher than the control, and root system was stronger than the control. Inoculation result of D30202 was depicted in Figure 2 .
Discussions
In the present study, 8 strains of actinomycetes were successfully isolated from Elaeagnus angustifolia in the nodule structure by three mediums using nodule-slicing method. As seen from phylogenetic analysis of 16S rDNA sequence results, 8 strains belonged to 4 genus, which indicated that endophytic actinomycetes from Elaeagnus angustifolia had abundant diversity, and Micromonospora dominated. After the isolated actinomycetes from nodules were inoculated back into host plants, they failed to induce nodules of host plants, which suggested that the suitable condition of pure culture back inoculation still need further investigation. The mass growth increased significantly compared with the control, which indicated that the presence of these endophytes had certain promoting effects on plants. However, its biological characteristics, how to induce nodules, and whether to possess nitrogen fixation activities still need further investigation. Note: 1, the whole plant; 2, stem; 3, root.
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